A flame-dried 1 L round-bottomed flask was charged successively with freshly distilled CH 2 Cl 2 (600 mL), 3-methyl-2-butenal (3.5 mL, 36.3 mmol, 1.0 equiv), dry Et 3 N (7.6 mL, 54.5 mmol, 1.5 equiv) and ZnCl 2 (495 mg, 3.6 mmol, 0.10 equiv). The solution was cooled to 0 °C and TBSOTf (8.2 mL, 35.6 mmol, 0.98 equiv) was added dropwise. The reaction was allowed to stir at 0 °C for 5 h, at which point the reaction was quenched slowly with saturated aqueous NaHCO 3 (200 mL), the layers were separated and the organic layer was washed twice with saturated aqueous NaHCO 3 (2 x 200 mL), dried over MgSO 4 and concentrated. The resulting oil was rapidly purified by column chromatography (3% Et 2 O/pentane), providing the (E)-diene 1 as a 16:1 mixture of isomers (5.08 g, 71%). An isomerically pure sample could be obtained by subsequent column chromatography purification in 100% pentane (rapid flash). R f = 0.45 (100% pentane). A flame-dried 200 mL round-bottomed flask was charged with PhSeSePh (3.02 g, 9.7 mmol, 0.60 equiv) and freshly distilled CH 2 Cl 2 (65 mL). Br 2 (490 µL, 9.50 mmol, 0.59 equiv) was added dropwise at room temperature and the mixture was stirred for 35 minutes, resulting in a dark purple solution, which was cooled to 0 ˚C. Pyridine (1.95 mL, 24.2 mmol, 1.5 equiv) was added dropwise followed by methyl 2-oxocyclopentane-1-carboxylate (2.0 mL, 16.1 mmol, 1.0 equiv). The resulting solution was stirred for 1.5 h at 0 ˚C, after which time the reaction was shown to be complete by TLC analysis. The reaction mixture was poured into H 2 O (100 mL) and extracted with CH 2 Cl 2 (3 x 80 mL). The combined organic layers were dried over MgSO 4 and concentrated, affording an orange oil. The crude product was purified by column chromatography using 15-25% EtOAc in hexanes (elution gradient), furnishing pure selenide (S1) as a thick yellow oil (4.75 g, 99% yield) which could be kept for months in the freezer at -20 ˚C without decomposition. R f = 0.17 (15% EtOAc in hexanes). All other analyses were consistent with previously reported data.
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A 100 mL round-bottomed flask was charged with selenide S1 (2.53 g, 8.51 mmol, 1 equiv) and CH 2 Cl 2 (43 mL). The resulting yellow solution was cooled to 0 ˚C and H 2 O 2 •urea (1.76 g, 18.72 mmol, 2.2 equiv) was added in one portion. The resulting heterogeneous mixture was loosely covered and vigorously stirred at 0 ˚C for 2 h, at which point TLC analysis showed disappearance of the starting material. Hexanes (40 mL) was added and the resulting mixture was stirred vigorously at 0 ˚C for 5 min, then filtered on a short pad of Celite, rinsing with hexanes (150 mL). The resulting clear colorless solution was rapidly concentrated at room temperature, affording pure dienophile 2 as a colorless oil (1.12 g, 94% yield), which was used rapidly in the subsequent Diels-Alder cycloaddition due to its instability. R f = 0.11 (25% EtOAc in hexanes); 1 H NMR (600 MHz, CDCl 3 ): δ 8.39 (t, J = 2.7 Hz, 1H), 3.78 (s, 3H), 2.73-2.69 (m, 2H), 2.53-2.50 (m, 2H).
13 C NMR (150 MHz, CDCl 3 ): δ 202. 9, 172.6, 162.3, 137.1, 52.0, 35.7, 26.7 . All other analyses were consistent with previously reported data. V. N. G. Lindsay, R. A. Murphy, and R. Sarpong*
S6
Specific procedure and characterisation data of racemic hydrindenone 3 (Scheme 1a)
A flame-dried 25 mL round-bottomed flask was successively charged with freshly prepared dienophile 2 (3.67 g, 26.2 mmol, 1.3 equiv) and diene 1 (E:Z = 16:1, 4.00 g, 20.2 mmol, 1.0 equiv), and the colorless biphasic mixture was vigorously stirred at room temperature for 20 h. NMR analysis of the crude mixture showed full consumption of the major E isomer of diene 1, while the minor Z isomer was unreactive under these conditions and still remained. The resulting light yellow oil was directly purified by column chromatography using 10% EtOAc in hexanes, affording hydrindenone 3 (6.09 g, 89% yield) as a colorless oil as a 2.3:1 mixture of diastereomers, favoring the ester-endo product (determined by X-Ray analysis, vide infra). On a 25 gram scale, 87% yield of the hydrindenone 3 was obtained with the same diastereomeric ratio. The diastereomers were readily separated by column chromatography using 4-15% EtOAc in hexanes (slow elution gradient) to afford pure samples of both isomers. R f = 0.44 (major dias.), 0.48 (minor dias.) (15% EtOAc in hexanes 137.6, 122.4, 67.1, 66.9, 52.7, 35.1, 33.0, 32.8, 27.3, 25.8 (3C), 23.7, 18.0, -3.7, -4.8; minor diastereomer: δ 213.0, 171.2, 134.9, 121.6, 66.3, 62.5, 52.7, 39.3, 37.8, 30.7, 26.9, 25.9 (3C), 24.0, 17.9, -4.2, -5 In an inert atmosphere glove-box, a flame-dried 20 mL microwave vial was charged with Cu(OTf) 2 (9.0 mg, 0.025 mmol, 0.10 equiv) and t-Bu-BOX (8.8 mg, 0.030 mmol, 0.12 equiv), capped and taken out of the glove-box, then charged with 7 mL of dry Et 2 O:Toluene (1:1) and 100 µL of a 1% v/v solution of MeOH in dry Et 2 O:Toluene (1:1) (0.025 mmol, 0.10 equiv), cooled to 0 ˚C and stirred for 1 h at this temperature. To the resulting slightly green solution was added diene 1 (49.6 mg, 0.25 mmol, 1.0 equiv) in 1 mL Et 2 O:Toluene (1:1), followed by freshly prepared dienophile 2 (105 mg, 0.75 mmol, 3.0 equiv) in 2 mL Et 2 O:Toluene (1:1). The resulting brown solution was stirred at 0 ˚C for 16 h, affording a yellow solution which was quenched with sat. aq. NH 4 Cl (3 mL) and stirred 5 minutes at 0 ˚C. 1,3,5-trimethoxybenzene (14.1 mg, 0.083 mmol) was added to determine the NMR yield. The mixture was poured into sat. aq. NH 4 Cl (30 mL) and extracted with Et 2 O (3 x 30 mL), dried (MgSO 4 ) and concentrated to afford a colorless oil.
1 H NMR was used at this point to determine the NMR yield (53%) and the diastereomeric ratio (90:10), and the crude mixture was then purified by column chromatography using 10% EtOAc in hexanes, affording hydrindenone 3 as a colorless oil which was analysed by HPLC using a chiral stationary phase for enantiomeric ratio determination (86:14 er, see p. S6 for HPLC trace). All other analyses were consistent with previously described data (see page S6).
mmol scale (Scheme 2):
In an inert atmosphere glove-box, a flame-dried 250 mL round-bottomed flask was charged with Cu(OTf) 2 (189 mg, 0.52 mmol, 0.15 equiv) and t-Bu-BOX (185 mg, 0.63 mmol, 0.18 equiv), capped with a rubber septum and taken out of the glove-box, then charged with Et 2 O (60 mL), Toluene (60 mL) and 2.1 mL of a 1% v/v solution of MeOH in dry Et 2 O:Toluene (1:1) (0.52 mmol, 0.15 equiv), cooled to 0 ˚C and stirred for 1 h at this temperature. To the resulting slightly green solution was added diene 1 (691.1 mg, 3.48 mmol, 1.0 equiv) in 10 mL Et 2 O:Toluene (1:1), followed by freshly prepared dienophile 2 (976.3 mg, 6.97 mmol, 2.0 equiv) in 10 mL Et 2 O:Toluene (1:1). The resulting brown solution was stirred at 0 ˚C for 24 h, affording a yellow solution which was quenched with sat. aq. NH 4 Cl (50 mL) and stirred 5 minutes at 0 ˚C. The mixture was poured into sat. aq. NH 4 Cl (100 mL) and extracted with Et 2 O (3 x 100 mL), dried (MgSO 4 ) and concentrated to afford a colorless oil.
1 H NMR was used at this point to determine the diastereomeric ratio (90:10), and the crude mixture was then purified by column chromatography using 10% EtOAc in hexanes, affording hydrindenone 3 as a colorless oil (595 mg, 50% yield) which was analysed by HPLC using a chiral stationary phase for enantiomeric ratio determination (86:14 er). All other analyses were consistent with previously described data (see page S6). V. N. G. Lindsay, R. A. Murphy, and R. Sarpong* S9 Specific procedures and characterisation data of pyridine 4
Synthesis of vinyl triflate intermediate S2:
A flame-dried 50 mL round-bottomed flask was charged with hydrindenone 3 (2.3:1 dr, 640 mg, 1.89 mmol, 1.0 equiv) and dry THF (10 mL) and the resulting colorless solution was cooled to -78 °C. A solution of 15% KHMDS in Toluene (3.7 mL, 2.46 mmol, 1.3 equiv) was added dropwise and the resulting yellow solution was stirred at -78 °C for 1.5 h. After this time, PhNTf 2 (946 mg, 2.65 mmol, 1.4 equiv) in THF (3.5 mL) was added dropwise, affording an orange solution which was allowed to warm to room temperature and stirred for an additional 1.5 h, at which point TLC analysis showed complete consumption of the starting material. The reaction mixture was poured into EtOAc (250 mL) and washed with sat. aq. NaHCO 3 (3 x 80 mL), dried (MgSO 4 ) and concentrated under vacuum. The crude product was purified by column chromatography using 3-5% Et 2 O in hexanes (slow elution gradient), affording pure vinyl triflate S2 (838 mg, 94% yield, 2:1 dr) as a colorless oil. R f = 0.77 (10% EtOAc in hexanes). 52.2, 35.5, 35.0, 34.5, 25.7 (3C), 24.4, 17.9, minor diastereomer: δ 173.1, 146.6, 138.0, 136.3 (q, J = 300 Hz), 125.1, 120.1, 68.5, 63.8, 52.6, 39.1, 35.0, 33.8, 25.7 (3C), 23.8, 18.0, V. N. G. Lindsay, R. A. Murphy, and R. Sarpong* S10
Synthesis of pyridine 4 via Stille coupling:
In an inert atmosphere glove-box, a flame-dried 100 mL round-bottomed flask was charged with Pd(PPh 3 ) 4 (189 mg, 0.163 mmol, 0.15 equiv), LiCl (277 mg, 6.53 mmol, 6 equiv) and CuCl (539 mg, 5.45 mmol, 5 equiv), capped with a rubber septum and taken out of the glove-box. Dry DMSO (23 mL) was added, followed by vinyl triflate S2 (2:1 dr, 513 mg, 1.09 mmol, 1.0 equiv) in dry DMSO (15 mL) and 4-tributylstannylpyridine (922 mg, 2.51 mmol, 2.3 equiv) in dry DMSO (5 mL). The resulting mixture was thoroughly degassed by three freeze-pump-thaw cycles (1 h, 45 min, 30 min), stirred at rt for 1 h and then at 70 °C for 20 h under inert atmosphere. The resulting dark brown mixture was cooled to rt and poured into a mixture of 5% aq. NH 4 OH (42 mL), sat. aq. NaCl (258 mL) and Et 2 O (100 mL), the layers were separated and the aqueous layer was extracted with Et 2 O (3 x 100 mL). The combined organic layers were dried (Na 2 SO 4 ) and concentrated to afford the crude product, which was purified by column chromatography using 25-40% EtOAc in hexanes (slow elution gradient), affording pure pyridine 4 as a white solid (415 mg, 95% yield, 2.3:1 dr). R f = 0.62 (50% EtOAc in hexanes). 2, 142.8, 139.7, 135.7, 123.3 (2C), 122.3, 67.5, 66.2, 51.6, 40.6, 38.1, 35.6, 25.8 (3C), 23.7, 18.1, -3.6, -4.8; minor diastereomer: δ 176.3, 149.8 (2C), 144.3, 141.3, 137.0, 135.6, 125.5, 120.7 (2C), 66.8, 65.0, 52.3, 43.2, 39.9, 33.4, 25.7 (3C), 23.6, 17.9, -3.8, -5.4 
Synthesis of primary alcohol intermediate S3
A flame-dried 100 mL round-bottomed flask was charged with pyridine 4 (2.3:1 dr, 400 mg, 1.00 mmol, 1.0 equiv) and Toluene (20 mL) and the resulting colorless solution was cooled to -78 °C. A 1M solution of DIBAL in hexanes (5 mL, 5 mmol, 5 equiv) was added dropwise and the resulting solution was stirred for 35 minutes at the same temperature before being slowly quenched by addition of glacial AcOH (1.6 mL) and allowed to warm to room temperature for 10 minutes. Sat. aq. NaHCO 3 (50 mL) was slowly added and the biphasic mixture was transferred to a 500 mL round-bottomed flask along with CH 2 Cl 2 (200 mL) and Rochelle's salt (200 mL) and stirred vigorously at rt for 15 h. The layers were separated and the aqueous layer was extracted with CH 2 Cl 2 (2 x 200 mL), the combined organic layers were washed with sat. aq. NaCl (100 mL), dried (Na 2 SO 4 ) and concentrated. The crude product was purified by column chromatography using 40-80% EtOAc in hexanes (elution gradient) to provide pure alcohol S3 (2.3:1 dr, 357 mg, 96% yield) as a white solid. The diastereomers were separated at this point and only the major diastereomer was carried on. R f = 0.33 (50% EtOAc in hexane). 138.8, 134.7, 124.7, 122.9 (2C), 71.6, 66.8, 59.4, 39.2, 38.9, 33.9, 26.0 (3C), 24.2, 18.1, -3.5, -4.9 V. N. G. Lindsay, R. A. Murphy, and R. Sarpong* S12
Synthesis of epoxide 5:
(A 1.38 M solution of TBHP in benzene/n-decane was prepared by addition of commercially available 5.5 M TBHP in n-decane (0.5 mL, 2.75 mmol) to 1.5 mL dry benzene in a flame-dried 4 mL vial.)
A flame-dried 20 mL microwave vial was charged with alcohol S3 (300 mg, 0.807 mmol, 1.0 equiv) and dry benzene (6 mL), capped and the heterogeneous mixture was heated to 45 °C and stirred 5 minutes for dissolution, affording a colorless solution. A 13.6 mM solution of VO(acac) 2 in dry benzene (0.6 mL, 0.0081 mmol, 0.01 equiv) was added at 45 °C, followed by a 1.38 M solution of TBHP in benzene/n-decane prepared as described above (0.3 mL, 0.413 mmol, 0.51 equiv), and the resulting mixture was heated at 45 °C for 3 h. After this time, a second portion of the 1.38 M solution of TBHP in benzene/n-decane (0.3 mL, 0.413 mmol, 0.51 equiv) was added dropwise and the reaction mixture was held at 45 °C for another 3 h, until a final portion of the 1.38 M solution of TBHP in benzene/n-decane (0.3 mL, 0.413 mmol, 0.51 equiv) was added and the mixture was left heating at 45 °C for 20 h. The reaction flask was cooled to room temperature and the mixture was quenched by addition of an aqueous solution of Na 2 SO 3 (207 mg Na 2 SO 3 in 0.6 mL H 2 O), and left stirring at room temperature for 1.5 h. The resulting mixture was diluted with EtOAc (5 mL) and poured into a mixture of sat. aq. NaCl (60 mL) and EtOAc (60 mL), the layers were separated and the aqueous layer was extracted with EtOAc (2 x 60 mL). The combined organic layers were dried (Na 2 SO 4 ) and concentrated to afford the crude product, which was purified by column chromatography using 40-80% EtOAc in hexanes (elution gradient), affording pure epoxide 5 (248 mg, 79% yield). R f = 0.29 (50% EtOAc in hexane 
Synthesis of alkyl tosylate intermediate S4:
A flame-dried 100 mL round-bottomed flask was charged with Ts 2 O (791 mg, 2.42 mmol, 3.0 equiv) and dry CH 2 Cl 2 (6 mL). The solution was cooled to 0 °C, a solution of DMAP (592 mg, 4.84 mmol, 6.0 equiv) in dry CH 2 Cl 2 (6 mL) was added and the resulting mixture was stirred for 2 minutes at 0 °C, then warmed to room temperature and stirred for 30 min. A solution of epoxide 5 (248 mg, 0.640 mmol, 1.0 equiv) in dry CH 2 Cl 2 (9 mL) was added dropwise and the resulting solution was stirred at room temperature for 17 h. The reaction mixture was poured into a mixture of sat. aq. NaHCO 3 (50 mL) and CH 2 Cl 2 (30 mL), the layers were separated and the aqueous layer was extracted with CH 2 Cl 2 (2 x 30 mL). The combined organic layers were dried (Na 2 SO 4 ) and concentrated, and the resulting crude mixture was purified by column chromatography using 30-70% EtOAc in hexanes (elution gradient), affording pure alkyl tosylate S4 (341 mg, 98% yield) as a white solid. R f = 0.50 (50% EtOAc in hexane). 
Synthesis of enone intermediate S6:
A flame-dried 50 mL round-bottomed flask was charged with alkyl tosylate S4 (430 mg, 0.794 mmol, 1.0 equiv) and dry THF (30 mL) and cooled to 0 °C. A 1 M solution of TBAF in THF (0.87 mL, 0.873 mmol, 1.1 equiv) was added and the reaction mixture was allowed to stir at 0 °C for 2 h. At this point, the reaction mixture was loaded onto silica gel and purified by column chromatography using 5% MeOH in CH 2 Cl 2 to provide allylic alcohol S5 as an oil, which contained <10% baseline impurities and was taken on to the next step without further purification.
A flame-dried 100 mL round-bottomed flask was charged with crude allylic alcohol S5 (max. 0.794 mmol, 1.0 equiv), Dess-Martin periodinane (590 mg, 1.39 mmol, 1.75 equiv), potassium carbonate (580 mg, 4.20 mmol, 5.29 equiv) and CH 2 Cl 2 (40 mL). The viscous white reaction mixture was allowed to stir for 2.5 h at room temperature, at which point it was diluted with CH 2 Cl 2 (50 mL) and washed with 1:1 aq. sat. NaHCO 3 / aq. sat. Na 2 SO 3 (3 x 50 mL), and the organic layer was dried (MgSO 4 ) and concentrated. The crude product was purified by column chromatography using 1-10% MeOH in CH 2 Cl 2 (elution gradient) to provide pure enone S6 as a white solid (290 mg, 86% yield over 2 steps). R f = 0.23 (5% MeOH in CH 2 Cl 2 ). 142.9, 132.4, 130.1 (2C), 127.9 (2C), 126.6, 123.9 (2C), 73.4, 68.7, 61.9, 56.7, 36.0, 33.5, 32.2, 25.2, 21.8 V. N. G. Lindsay, R. A. Murphy, and R. Sarpong* S15
Synthesis of pyridine N-oxide 6:
A 100 mL round-bottomed flask was charged with enone S6 (290 mg, 0.682 mmol, 1.0 equiv), methyltrioxorhenium (17 mg, 0.068 mmol, 0.10 equiv), urea hydrogen peroxide (126 mg, 1.34 mmol, 2.0 equiv), 3,5-dimethylpyrazole (8.4 mg, 0.087 mmol, 0.13 equiv) and CH 2 Cl 2 (25 mL). The reaction mixture was allowed to stir at room temperature for 16 h, at which point it was diluted with CH 2 Cl 2 (25 mL) and washed with sat. aq. Na 2 SO 3 (3 x 50 mL) and sat. aq. NaCl (50 mL). The organic layer was dried (MgSO 4 ) and concentrated, and the crude mixture was purified by column chromatography using 3-15% MeOH in CH 2 Cl 2 (elution gradient) to provide pyridine N-oxide 6 as a white solid (235 mg, 78% V. N. G. Lindsay, R. A. Murphy, and R. Sarpong* S16
Specific procedure and characterisation data of cyclopropylketone 7
A flame-dried 20 mL microwave vial was charged with pyridine N-oxide 6 (36.0 mg, 0.0815 mmol, 1.0 equiv), magnesium triflate (131 mg, 0.408 mmol, 5.0 equiv) and CH 2 Cl 2 (14 mL). The resulting heterogeneous mixture was heated in the microwave at 130 °C for 40 min at which point it was diluted with CH 2 Cl 2 (20 mL) and washed with a solution of sat. aq. NaHCO 3 (3 x 10 mL) and sat. aq. NaCl (10 mL). The organic layer was dried (MgSO 4 ) and concentrated, and the resulting crude product was purified column chromatography using 3-20% MeOH in CH 2 Cl 2 (elution gradient) to provide cyclopropylketone 7 (21.9 mg, >99% yield) as a beige solid. R f = 0.30 (5% MeOH in CH 2 Cl 2 ). 
Specific procedures and characterisation data of pyridinium salt 8
A flame-dried 25 mL round-bottomed flask was charged with cyclopropylketone 7 (47 mg, 0.175 mmol, 1.0 equiv), triphenylphosphine (51 mg, 0.193 mmol, 1.1 equiv), molybdenum chloride oxide (7 mg, 0.035 mmol, 0.20 equiv), and dry acetonitrile (10 mL). The reaction mixture was heated to 65 °C and held at this temperature for 1 h, at which point the solution was loaded onto silica gel neutralised with triethylamine and purified by column chromatography using 5% Et 2 O in hexanes + 1% Et 3 N. This provided pyridine S7 along with triphenylphosphine oxide as a contaminant. This mixture was taken on to the next step without further purification.
A flame-dried 20 mL microwave vial was charged with pyridine S7 (containing some Ph 3 P=O as contaminant, max 0.175 mmol, 1.0 equiv), iodomethane (0.11 mL, 1.75 mmol, 10 equiv), and dry acetonitrile (3 mL), the vial was sealed and heated to 80 °C for 1 h. The reaction mixture was then concentrated and purified by column chromatography on neutralised alumina using 5-10% MeOH in CH 2 Cl 2 to afford pyridinium salt 8 as a red-orange solid (61 mg, 89% over 2 steps). R f = 0.08 (5% MeOH in CH 2 Cl 2 ). -10  0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( -10  0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210 f1 ( 
